Introduction
Although various training modalities can be applied in patients with chronic obstructive pulmonary disease (COPD) (eg, resistance, in-water, and tai chi), aerobic stimulus has been investigated in several studies, predominantly due to the ease of application, prescription and, consequently, monitoring of this training modality. 1 Aerobic training provides clear improvement in the quality of life and increases in aerobic parameters and functional capacity, thereby improving factors such as dyspnea, exercise intolerance, and reduced quality of life, which are common symptoms in patients with COPD. [1] [2] [3] Mucociliary clearance is deficient in patients with COPD 4,5 mainly due to mucus hypersecretion, which is related to a significant decrease in forced expiratory volume in the first second and severe coughing. This situation increases the risk of hospitalization. 6 Improvements in mucociliary clearance have been observed after acute aerobic stimulus, but the chronic effects are still controversial in healthy individuals. 7, 8 Although knowledge about the response of mucociliary clearance to aerobic stimulus appears to be extremely important, no studies have investigated this parameter longitudinally in patients with COPD.
Aerobic training has been related to significant improvements in autonomic modulation, suggesting better adaptation and efficiency of the cardiovascular system. 9, 10 In addition, relations between autonomic control and aerobic variables were also observed acutely in COPD patients, 11 highlighting that good aerobic conditioning is related to an increase in the vagal activity of heart rate control. However, the possible effects of different aerobic models on autonomic control remain unclear.
In this context, aerobic training in patients with COPD can be performed with continuous or interval efforts. 1, 12 Continuous efforts are frequently applied 3-4 times per week, with different intensities and durations, whereas interval training sessions are applied 2-3 times per week, using effort periods lasting 30-180 seconds, separated by passive or active recovery. When these aerobic training modalities (ie, continuous and interval) are applied separately, the training adaptations appear to be similar in patients with COPD. 12 Moreover, to our knowledge, no studies have investigated the use of continuous and interval sessions in the same periodization in patients with COPD. This approach may be more effective, principally by enabling the adaptations related to both models of aerobic training stimulus (ie, continuous and interval).
In summary, aerobic exercise can be considered a good intervention in pulmonary rehabilitation, but more studies on mucociliary clearance responses and autonomic control adaptations from aerobic training are necessary, specifically when training is applied with continuous and interval stimulus in the same periodization. Thus, the aim of this study was to investigate the effects of a 12-week aerobic training protocol with continuous and interval sessions on autonomic modulation, mucociliary clearance, and aerobic parameters in patients with COPD.
Material and methods setting and participants
This study was characterized as a nonrandomized clinical trial which considered the effects of 12 weeks of aerobic training on autonomic modulation (evaluated through heart rate variability [HRV]), mucociliary clearance, and aerobic function in patients with COPD, according to the criteria established by the Global Initiative for Obstructive Lung Disease (GOLD). 13 The study was conducted in a public rehabilitation center, and patients presenting any of the following conditions were excluded: 1) not having been in smoking cessation for at least 1 year; 2) the presence of severe pathological conditions and/ or unstable heart diseases that could influence the physical activity; 3) presenting diseases that could interfere in the systemic inflammatory process; 4) unstable COPD (ie, exacerbations and medication changes in the previous 30 days); 5) the use of home oxygen therapy; and 6) individuals who had performed any kind of physical training program before participating in this study.
The initial evaluation was performed in 31 patients, after which they were divided into two separate groups: an aerobic training group (AT) and a control group (CG).
The CG consisted of ten patients who chose not to participate in the training protocol due to transportation difficulties in arriving at the rehabilitation center, living in faraway places, or not being able to attend the 3-day weekly training. Among them, four patients did not attend the final evaluations, one due to exacerbation and three patients for personal reasons. The aerobic training protocol started with 21 patients, eleven of whom did not complete the 12-week protocol as five patients exacerbated and six gave up for personal reasons (Figure 1 ).
Medications used by the patients during the study were: β 2 agonists (n=12), anticholinergics (n=6), diuretics (n=4), antagonists of angiotensin receptors (n=5), β-blockers (n=1), benzodiazepines (n=1).
All participants were previously informed about the procedures and aims of this study, and signed a consent form. All procedures utilized in this study were approved by the Institutional Ethics Research Committee (CAAE: 01114912.0.0000.5402).
Design overview
The experimental protocol consisted of patient identification, anthropometric evaluation, pulmonary function through spirometry, a cardiopulmonary test, evaluation of autonomic function by HRV, a mucociliary clearance test using the saccharin transit time (STT) test, and realization of 12 weeks of aerobic training. The participants were conventionally divided into AT and no-training CG. Evaluation periods were performed at baseline (M0) and after 12 weeks (M1) for both groups.
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12 weeks of aerobic training in COPD To minimize interference with circadian rhythm and external factors, evaluations were individually performed in a room with temperature ranging from 21°C to 23°C 9 and relative humidity between 50% and 60%, always in the morning period between 8 am and 12 pm. Final assessments were performed between 24 and 48 hours after the final training session.
For all sessions, patients were instructed to: 1) avoid consuming caffeine for 24 hours before procedures; 2) eat a light meal 2 hours before the tests; 3) avoid drinking alcoholic beverages for at least 4 hours; 4) avoid strenuous physical exercises the day prior to the session; and 5) wear suitable and comfortable clothes for physical exercises.
anthropometric assessment
Body weight and height were measured to obtain body mass index through the following formula: body weight (in kilograms) divided by height² (meters). The measurements were performed using a digital scale (Welmy R/I 200, Welmy, Sao Paulo, Brazil) according to the recommendations described by Lohman et al. 14 
Pulmonary function assessment
Pulmonary function assessment was carried out by a spirometry test (MIR-Spirobank 3.6 version spirometer; MIR, Rome, Italy). The results were interpreted according to the American Thoracic Society and European Respiratory Society rules. 15 Normality values were related to the Brazilian population. 16 
evaluation of aerobic function
For the prescription of aerobic exercise and evaluation of aerobic function, patients performed a maximal cardiopulmonary exercise test (Inbrasport ATL 2000; Inbrasport, Rio Grande do Sul, Brazil) with an initial speed of 2.0 km⋅h -1 , constant slope of 3%, and increments of 0.5 km⋅h -1 every 2 minutes. The test was performed until voluntary exhaustion was reached. 17 None of the patients presented clinical or electrocardiographic changes that prevented them from finishing the test. The cardiopulmonary test was repeated every 4 weeks in order to adjust session intensity.
The following variables were monitored continuously: 1) heart rate (Polar S810i, Polar Electro, Kempele, Finland); 2) arterial oxygen saturation (SpO 2 %) (Mindray PM 50 Oximeter, Mindray, Sao Paulo, Brazil); and 3) subjective perception of effort. 18 Furthermore, ventilatory variables were obtained through the gas analyzer (VO2000, Medical Graphics, St. Paul, MN, USA), which was calibrated before every test according to the supplier's specifications. The flow of average air was utilized in all tests, and gas samples were obtained every 10 seconds (Aerograph ® , MI, USA).
The peak oxygen uptake (VO 2peak ) was considered the highest oxygen consumption average of the final 30 seconds of the exercise (VO 2 ). The speed related to VO 2peak (vVO 2peak ) was considered to be the highest intensity reached during the test. In cases where the patient demonstrated exhaustion before the end of the stage, the vVO 2peak was adjusted by the equation proposed by Kuipers et al. 19 Moreover, the gas exchange threshold (GET) was determined using the V-Slope method, described by Sue et al 20 for COPD patients.
In the present study, the breakpoint of the VCO 2 -VO 2 relationship was assumed as the GET, observed during the incremental test.
evaluation of autonomic modulation
For the HRV analysis, heart rate was captured beat by beat through a heart rate monitor, Polar S810i (Polar Electro), which had been properly validated. 21 After explaining the necessary procedures for data collection, an elastic strap was positioned on the chest of each patient at the xiphoid process, and a heart rate receiver was placed on the wrist (Polar Electro). Heart rate at rest was recorded for 20 minutes with the patient in a seated position.
For the analysis of HRV indexes, 256 consecutive RR intervals were used. They were selected from the most stable portion and, in order to eliminate premature ectopic beats and artifacts, were submitted to digital filtering through Polar Precision Performance SW Software (version 4.01.029) supplemented by manual procedures. Only series with more than 95% sinus beats were included in this study. 22, 23 Indexes in the time and frequency domains were calculated. In the time domain, the following indexes were used: standard deviation of normal RR intervals (SDNN), expressed in milliseconds, and root mean square of the difference between the adjacent normal RR intervals in a time interval (RMSSD), expressed in milliseconds. 22, 24 For HRV analysis in the frequency domain, low frequency (LF: 0.04-0.15 Hz) and high frequency (HF: 0.15-0.4 Hz) spectral components were used, in ms 2 and normalized units (nu), which represent the relative value of each spectral component in relation to total power, less the very low frequency component and the ratio between these components (LF/HF ratio). 22, 24 In order to calculate these indexes, Kubios version 2.0 Software 25 was used.
evaluation of nasal mucociliary clearance
For mucociliary clearance evaluation, the patients were seated with their heads in a straight position at 10°. The STT started with the introduction of ~2.5 mg of granulated saccharin sodium through a plastic straw, under visual control, ~2 cm into the right nostril. At this moment, the timer was started, and patients were instructed not to walk, talk, cough, sneeze, scratch, or blow their nose. They were also instructed to swallow as little as possible until they could feel the flavor in their mouth. At this point, the patient advised the examiner, who then registered the time. [26] [27] [28] For the STT at baseline condition, the patients remained at rest for 20 minutes before starting the test in order to minimize the effects of the external environment on the nasal ciliary beat.
Periodized aerobic training
All sessions were performed on a treadmill (Inbrasport ATL 2000, Porto Alegre, Brazil). The aerobic training was composed of three training mesocycles, each lasting 4 weeks. The frequency of the sessions was three times per week.
The training sessions were divided into three intensity zones: Z1: 50-minute sessions at an intensity corresponding to 60% of vVO 2peak (continuous effort); Z2: 30-minute sessions at an intensity corresponding to 75% of vVO 2peak (continuous effort); and Z3: formed by five efforts of 3 minutes performed at 100% of vVO 2peak , separated by 1 minute of passive recovery (interval effort). The intensity of each mesocycle was adjusted according to the incremental test performed every 4 weeks.
The first training mesocycle predominated in the sessions Z1 (85.9% of total sessions; 344 minutes), with a shorter time in Z2 (14.1% of total sessions; 57 minutes). In the second mesocycle, sessions were applied in Z1 (34.5% of total sessions; 138 minutes), but the predominance was in Z2 (65.5% of total volume; 262 minutes). The third mesocycle had sessions in Z2 (32.5% of total volume; 130 minutes) with predominance in Z3 (67.5% of total volume; 270 minutes). Thus, COPD patients performed 1091 minutes of aerobic training. The intensity and different session durations between mesocycles were chosen on the basis of previously published studies. [29] [30] [31] Figure 2 Initially, the analysis of data normality was performed and certified by the Shapiro-Wilk test. Asymmetric distribution was observed for VO 2peak , normalized by weight (M0 in both AT and CG; P,0.01), vVO 2peak (M0 in AT; P=0.04), velocity at GET (M0 in CG; P=0.04), and RMSSD (M0 in CG; P=0.03). Logarithmic transformation did not correct the asymmetry. Thus, all variables were presented as median (interquartile range). Differences between groups at M0 were evidenced by the Student t-test for independent samples (normally distributed variables) and by the Mann-Whitney test for asymmetric variables. Moreover, differences between evaluations (ie, M0 vs M1) were evidenced by the Student t-test for dependent samples (normally distributed variables) and by the Wilcoxon test for asymmetric variables. The Statistical Package for Social Science software, version 17.0 (SPSS Inc, Chicago, IL, USA) was used, and the level of significance was P,0.05.
Results
Sixteen patients with COPD were included in this study. The AT group was composed of ten patients (GOLD II Moderate COPD: n=7, GOLD III Severe COPD: n=3), and the CG of six patients (GOLD I Mild COPD: n=1, GOLD II Moderate COPD: n=2, GOLD III Severe COPD: n=4). Table 1 demonstrates that there were no differences between the evaluated groups in relation to anthropometric data and pulmonary function. Table 2 demonstrates the aerobic parameters observed at M0 and M1 for both groups. No significant differences were observed between the AT and the CG at M0 (P.0.37).
All aerobic variables increased significantly after 12 weeks for the AT group (P,0.03), but no differences were observed for the CG (P.0.21). At M1, the AT group presented higher values compared to the CG for VO 2peak (absolute and relative to weight values; P=0.02 and 0.01, respectively), vVO 2peak (P=0.04), and VO 2 observed at GET (P=0.01). Table 3 shows the results of autonomic modulation evaluation in the time and frequency domains. No differences between groups were observed at M0 (P.0.71). An increase in the HF (ms) index after 12 weeks can be observed in the AT (P=0.042). However, although a tendency was observed for RMSSD (P=0.08), there was no difference for the other HRV parameters (P.0.13) in the AT group. No significant differences were observed in the CG (P.0.31). Moreover, no differences were observed between the groups at M1 (P.0.08). Figure 3 shows the values of STT between the groups at M0 and M1. No differences were observed between the groups at M0 (P=0.61). In addition, no changes were observed during 12 weeks either in the AT (P=0.94) or in the CG (P=0.69) group. Values were similar between the groups at M1 (P=0.12).
Discussion
The main findings of this study demonstrate that 12 weeks of aerobic training applied with continuous and interval sessions induced a significant increase in aerobic parameters obtained through an incremental test. Moreover, a positive influence on autonomic modulation was observed, evidenced by a significant increase in parasympathetic modulation. However, no improvement was observed in the STT after aerobic training. VO 2peak is considered an index of maximum aerobic power, while vVO 2peak can be seen as the index that better Notes: Z1: 60% of VO 2peak for 50 minutes (continuous effort); Z2: 75% of VO 2peak for 30 minutes (continuous effort); Z3: five efforts lasting 3 minutes separated by 1 minute of passive recovery (interval effort). Abbreviation: VO 2peak , peak oxygen uptake. Note: *Significant difference between M0 and M1 (P,0.05). Abbreviations: sDnn, standard deviation of the mean of all normal rr intervals; rMssD, root mean square of differences between adjacent normal rr intervals in a time interval; lF, spectral component of low frequency; hF, spectral component of high frequency; nu, normalized units.
modulation. 39 In relation to other evaluated indices, no significant difference was observed before or after training. However, it was observed that HF (nu) increased after 12 weeks in the AT and the LF (nu) index was reduced in relation to the LF/HF ratio, representing an increase in parasympathetic activity, a reduction in sympathetic activity, and an improvement in the sympathetic-vagal balance. These data indicate that there was a positive impact on autonomic modulation in patients submitted to periodized aerobic training, suggesting better adaptation and efficiency of the cardiovascular system in these patients, considering the environmental and physiological stimulus required at every moment of daily life activities. This includes better respiratory capacity and performance responses during physical activity, which is essential to the rehabilitation process in the COPD population. 39 Previous studies have also shown significant improvements in autonomic modulation after completion of physical represents the association between aerobic power and movement economy. 32 GET is an important submaximal aerobic variable, mainly because it represents the highest intensity where lactate presents equilibrium in the blood. 33 In addition, this index is frequently used in training prescription, monitoring, and performance prediction. 34, 35 Several studies have demonstrated improvement in these parameters after execution of aerobic training, 9, [36] [37] [38] which is essential in all COPD stages due to its capacity to reduce dyspnea, improve functional capacity, and offer better quality of life for these patients. 2, 3 In this study, an important improvement in all aerobic variables was observed after the aerobic training. Although on a smaller scale, a similar response was found in studies that applied traditional training methods. 9, [36] [37] [38] It was also observed that after 12 weeks of aerobic training, there was a significant increase in HF (ms), which represents the parasympathetic component of autonomic Borghi-Silva 9 et al after a 6-week aerobic training protocol, obtained significant increases in the RMSSD index, a decrease in LF, and an increase in HF, analyzed in normalized units. A high level of aerobic fitness has been associated with HRV, probably due to increased vagal activity in controlling the heart rate. 9, 11 In relation to mucociliary clearance, there was no significant difference between periods. This finding corroborates the results found by Salzano et al 7 who concluded that aerobic training did not significantly affect mucociliary clearance. The study only demonstrated an acute effect, ie, an increase in mucociliary activity 15 minutes after the aerobic exercise, which can be correlated with increased ventilation and autonomic nervous system activity during the execution of exercise. Nevertheless, this increase was not sustained when analyzed 75 minutes after the training, when it was observed that STT had returned to values close to the initial values.
The chronic effects of aerobic training on mucociliary clearance in patients with COPD are still not well established in the literature. Salh et al 40 conducted a study in lung disease patients with cystic fibrosis submitted to aerobic training on an ergometer cycle, and analyzed the quantity of mucus expectoration, which is directly related to mucociliary activity and clearance, after 2 months of home physical training. The results demonstrated weight increases in the collected mucus, although not a significant amount. The results shown by Salh et al 40 were similar to those in the present study as it was not possible to observe any influence of aerobic training on mucociliary clearance in patients with COPD.
Previous studies have demonstrated that patients with COPD presented loss and significant alterations in mucociliary clearance. 4, 5 Afonso et al 4 found that the mucus relative velocity of ciliary transport on frog palate was greater in the healthy individuals than in the COPD and bronchiectasis groups: healthy group =1.0±0.19 seconds, COPD group =0.91±0.17 seconds, and bronchiectasis group =0.76±0.23 seconds. 4 In contrast, such alterations were not detected in the present study, where patients presented preserved mucociliary function with normal baseline values. 41 It is suggested that these levels are associated with the smoking cessation period of these patients, who were included in this study only after 1 year of smoking abstinence; the patients presented a mean time of 9.5 years without smoking. It is known that there is repair and remodeling of the tissue of the respiratory tract in patients with COPD, although mechanisms for such restructuring are still not clear. 42 Ramos et al 43 found that there is reversibility of mucociliary function in smokers 15 days after smoking abstinence. It is believed that similar mechanisms also occur in patients with COPD. Therefore, smoking cessation is of the utmost importance as a fundamental component of pulmonary rehabilitation programs.
The present proposal of linear periodized aerobic training resulted in significant aerobic improvements, in addition to positively influencing autonomic modulation in patients with COPD. This enriches and provides additional support to discussions on the theme of training modalities for these individuals. Furthermore, the present training proposal consisted of an additional option when compared to other COPD training methods, as it allowed better adaptation of the neuromuscular system to support the burdens imposed by the variations in volume and training intensities. In this way, it differentiates itself from pulmonary rehabilitation programs widely recommended as part of COPD treatment.
Conclusion
This study concluded that 12-week periodized aerobic training positively influenced autonomic modulation and aerobic power in patients with COPD; however, no effect was observed on mucociliary clearance in these patients.
Limitations
In contrast to previous studies, the aerobic training applied was composed of both continuous and interval sessions. This approach was predominantly chosen because we expected lower levels of monotony due to the decrease in time expended in each zone of training (ie, Z1: "easy" continuous; Z2: "hard" continuous; Z3: "heavy" interval). Thus, we believe that this study contributes to the training prescription applied to COPD patients. However, the main limitation was the high loss of participants in both groups during the experiment, which highlights the need for more studies using this aerobic training prescription.
